This study concerns the metabolism of inorganic arsenic (As) in children in three villages in northern Argentina: San Antonio de los Cobres and Taco Pozo, each with about 200 pg As/lI in the drinking water, and Rosaro de Lerma, with 0.65 pg As/I. Findings show that the concentrations of As in the blood and urne of the children in the two As-rich villages were on average 9 and 380 pg11, respectively, the highest ever recorded for children. The concentrations were about 10 and 30 times higher for blood and urine, respectively, than in Rosario de Lerma. Total As in urine was only slightly higher than the sum of metabolites of inorganic As (U-As..t), i.e., inorganic As, methylarsonic acid (MMA), and dimethylarsinic acid (DMA); this shows that inorganic As was the main form ofAs ingested. In contrast to previous studies on urinary metabolites of inorganic As in various population groups, the children and women in the present study excreted very little MMA. Thus, there seems to be a polymorphism for the enzymes (methyltransferases) involved in the methylation ofAs. Interestingly, the children had a significantly higher percentage of inorganic As in urine than the women, about 50% versus 32%. Also, the percentage of inorganic As in the children is considerably higher than in previous studies on children (about 13% in the two studies available) and adulu (about 15-25%) in other population groups. This may indicate that children are more sensitive to As-induced toxicity than adults, as the methylated metabolites bind less to tissue contituents thn inorganic As. In the children, the percentage inorganic arsenic in urine decreased, and the percentage of DMA increased with increasing UAs , indicating an induction ofAs methylation with increasing exposure.
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In general, very little is known about factors that influence the toxicity and metabolism of arsenic in humans. Inorganic
As is methylated to the more readily excreted and less toxic metabolites methylarsonic acid (MMA) and dimethylarsinic acid (DMA), but there is considerable variation between species and population groups (10, 11) . Experimental studies have indicated that the methylation of As is influenced by the dose level, mode of administration, form of As administered, and nutritional status of the subject (12) (13) (14) . However, the influence of age is essentially unknown.
We have previously reported on elevated exposure to As via drinking water in native women in an Andean village in northern Argentina (11, 15, 16) . In contrast to all previous studies on population groups from Europe, America, and Asia (17), the Andean women were found to excrete very little MMA in the urine, about 2% on average.
The aim of the present study was to investigate the metabolism ofAs in children in the same area, the Salta and Chaco Provinces of northeastern Argentina. We studied two villages with As-rich water (one populated predominately with indigenous people and the other with descendants of the Spanish immigrants) and one area with low water concentrations of As. For evaluation of differences in metabolism between children and adults, some women from the same villages were induded. (restaurant) al analysis.
Materials and Methods
containers and transferred to 100-ml acidc water distri-washed polyethylene bottles. The pH of the was collected urine and the presence of glucose and proLylene bottles.
tein were tested using N-Combur-Test of blood and (Boeringer Mannheim, GmbH, Germany). spital in April Concentrated HCI (1 ml to 100 ml urine) irine samples was added to prevent bacterial growth. All repeated in samples were frozen directly and kept at le Lerma, the -20°C until they were transported (on wet local hospital ice) to Sweden for analysis. Pozo, samples
The concentrations of total As in drinkf the women ing water, food, blood, and urine were deter-5. Blood sammined using hydride generation atomic he arm vein absorption spectrophotometry (HG-AAS) (VP-100SDK;
following dry ashing (20) (21) (22) 
<11
For quality control (QC) purposes, the Standard Reference Water [1643c, National Table 2 . Median concentrations and range of total arsenic in blood and urine and the percentages of lnorg As, MMA, and DMA in urine of children and women Cobres and Taco Pozo and less than 1 pg/i in Rosario de Lerma (Table 1) , whereas the concentration of selenium was less than 2 pg/1. In the As-rich villages, the food contained high As concentrations (Table 1) , especially soup, which was consumed twice a day by about 70% of the investigated individuals in S. A. Cobres and 30% of those in Taco Pozo. Also maize porridge, which was the most common food in Taco Pozo, contained high concentrations ofAs.
The concentrations of total As in blood (B-As) were about as high in the children as in the women in both S. A. Cobres and Taco Pozo, but these concentrations were about 10 times higher than in Rosario de Lerma ( Table 2 ). The B-As was not influenced by sex or age. The selenium concentrations in blood plasma of three children and four women from S. A. Cobres were 51-63 pg/l and 67-88 pg/l, respectively.
The concentrations of the sum of UAsmet in children and women from the Asrich areas were more than 30 times higher than in the control area (Table 2) and were about as high in the children as in the women. With the exception of the women in Taco Pozo, the concentrations of total As in urine were only slightly higher (median of children and women in S. A. Cobres 327 and 307 pg/l and Taco Pozo 457 and 464 pg/l, respectively) than those of the metabolites of inorganic As, indicating that the main exposure was to inorganic As. Probably, the women in Taco Pozo were exposed to more organic As compounds via food than inorganic As. U-Asmet was not influenced by sex or age. There was a significant positive correlation between the concentrations of B-As and U-Asmet in the As-rich areas (r = 0.42; p = 0.002; Fig. 1 ).
As shown in Table 2 , most of the children and women had only low levels of MMA in the urine. However, children had significantly higher (p<0.0001) inorganic As in the urine than the women. This difference was most apparent in S. A. Cobres, where six of the children had over 60% inorganic As. Among the children, there was no significant association between age and the percentage of inorganic As, MMA, or DMA in the urine. There was also no difference between girls and boys, with the exception of a higher percentage of MMA in boys (mean 6.0%) as compared to girls (mean 3.1%) in S. A. Cobres (p = 0.023). As shown in Figure 2 , there was a significant negative association between the percentage of inorganic As and U-Asmet (r = -0.54; p =0.001) in children and a corresponding positive association between the percentage of DMA in urine and U-Asmet (r = 0.57; p<0.0001). A similar association was not seen in the women.
To evaluate the effect of methylation (measured as the percentage of DMA in urine) on the retention and excretion of UAsmet, we calculated the ratio B-As/U-Asmet for all individuals except the women in Taco Pozo who were found to have higher total U-As than U-Asmet, which would indicate exposure to other arsenic compounds than inorganic As, possibly via food (23) . Obviously, such an exposure to other As compounds would influence also B-As, which we did not speciate. Figure 3 , shows a significant decrease of the ratio BAs/U-Asmet with increasing percentage of DMA in the urine (r = -0.48; p = 0.001).
Discussion
The concentrations of As in the drinking water collected at different sampling sites in S. A. Cobres and Taco Pozo were about 20 times higher than the provisional World Health Organization (WHO) drinking water guideline of 10 pg As/I (28). There were also high As concentrations in the major foods, all of which were prepared using the local water. The intake of inorganic As via drinking water and food caused highly elevated concentrations in the blood and urine of the investigated children and women-about 10 and 30 times, respectively, the concentrations observed in the control area, Rosario de Lerma, in which the As concentration in the drinking water was below 1 pg/l. The concentrations of B-As (average 9 pg/l) and U-Asmet (average 380 pg/I) are the highest ever reported for children.
Average U-Asmet of about 50-200 pg/I have been reported in a few previous studies on children living close to copper smelters in the United States and Mexico (29, 30) . In other studies of children living in the vicinity of As-emitting industries, such as coal-fired power plants, coal mines, cadmium refineries, and copper and lead smelters, the average U-Asmet values were below 20 pg As/I (31) (32) (33) (34) (35) (36) . In children without known exposure to As, the average U-Asmet were 5-10 pg/l (30, 35) .
The children in the present study, especially those in S. A. Cobres, had a considerably higher percentage of inorganic As (11, 16) .
All other published reports on urinary As metabolites in human subjects (including populations in Europe, America, and Asia exposed to inorganic As in the general environment or occupationally) consistently show average values of 10-30% inorganic As, 10-20% MMA, and 60-80% DMA (17) . However, a few studies of factory workers exposed to As (37, 38) and subjects exposed to As in the drinking water (39) have reported low urinary percentages of MMA in a few individuals. Thus, there is a considerable interindividual variation in As methylation. Further research is needed to elucidate the reasons for such variations. The results indicate a genetic polymorphism for As methyltransferase. This enzyme is not fully characterized, but has been isolated from tissues of several mammalian species (40, 41) . It should also be noted that adequate quality control has not always been reported for U-Asmet' A recently published interlaboratory comparison (experienced laboratories only) ofAs species in spiked human urine samples showed extensive variation in the results, especially at low concentrations (27) . Thus, some of the reported variation in metabolite pattern may be due to analytical variation.
More important, from a toxicological point of view, is the finding of very high concentrations of inorganic As in the urine of children in the present study, indicating a low general methylation efficiency. In total, 27% of the children in S. A. Cobres had more than 60% inorganic As and less than 40% DMA in the urine. This may indicate that the children are more sensitive to As-induced toxicity, as inorganic As is the main form interacting with tissue constituents (14 (39) . Our results could also be interpreted as a higher UAsmet excretion in individuals with a higher methylating capacity, as experimental studies have shown that DMA is more rapidly excreted in the urine than is inorganic As (14) . To evaluate if that was the case in the present study, we calculated the B-As/UAsmet ratio assuming that B-As reflects the retention of As and U-Asmet reflects the excretion. As the B-As/U-Asmet ratio decreased significantly with the increasing percentage of DMA in the urine, which was used as a measure of the methylating capacity, it seems dear that the individuals with the most efficient methylation also had the lowest retention ofAs. However, the higher percentage of DMA observed in children with about 600 pg/l U-Asmet, compared to those with 200 pg/l U-Asmet (60% vs. 44%), could not explain all the differences in U~Asmet (400 pg/l), why the results still indicate an induction of As methylation with increasing exposure level. Further, B- As/U-Asmet also decreased with the increas- 
